In this article, we will limit our discussion to newer imaging technologies namely HRT, GDx VCC and OCT. In this article, we will discuss only basic of imaging for diagnosis.
Heidelberg Retinal Tomogram (HRT II / HRT III)
HRT is based on confocal scanning laser ophthalmoscopy principle. This technique allows acquisition of two-dimensional images of the optic nerve head (ONH) and reconstruct into three-dimensional image. The fundus is scanned by a low-power laser beam (670 nm). The light that reflects back from the scanned points is detected by a photodetector. The images formed from this detection are digitized and stored on computer.
In HRT, sequential confocal scans are acquired in depth at the level of the ONH, and then merged by the in-built software into a 3D image. Measurements are made from this image. The current models are HRTII and HRTIII, which acquire a series of up to 64 optical sections in depth at intervals of 1/16 mm.
For analysis, a contour line should be manually placed by the operator to demarcate the limits of the ONH. The in-built software then places an inferior limit which is parallel, and in depth, to the retinal surface. This limit is termed Reference Plane and is placed 50 microns below the contour line. Measurements are made based on this imaginary plane. Figure 2 shows the relationship between the ONH, the contour line and the reference plane. Figure 3 shows HRT II printout and Figure 4 shows HRT III printout. The printout provides topographic measurements and a classification of the parameters based on a comparison with a normative database. In HRT III, the optic disk parameters are compared with ethnic based normative database (Fig. 4) .
Parameters Table
This table shows the parameters measured from an acquired scan. A normal range is also provided. This normal range is calculated from a normative database, which is different from that used for Moorfields Regression Analysis. The HRT III has an ethnic specific database, which includes Indian data also. It also provides statistical value comparing patient result to normative database. Here, p < 0.05 = Borderline, p < 0.001 = Outside Normal Limits. profile' but the height profile represented is along the vertical lines across the ONH in the topography image. 6. Reflection image: It is a 'false' color picture representing changes in reflectivity for each region of the ONH. It is divided into six sectors, which are compared with a normative database, using the Moorfields regression analysis software. This comparison takes into account the relationship between ONH size and rim area, and classifies each sector as 'within normal limits' (green tick), 'borderline' (yellow exclamation mark) or 'outside normal limits' (red cross).
Topography image:
Topography image is a 'false' color image representing the height of the scanned area (the brighter the color the more depressed the region, and vice versa). On the ONH, 'cup area' is seen in red and 'rim area' in blue and green (the difference in color denotes difference in height levels). 8. Parameters: In HRT II printout provides all optic disk and RNFL parameters. In HRT III, along with optic disk size, the software also identifies disk as "small", "average", or "large". 9. RNFL profile graph: This is available in HRT III printout.
It displays the height values at the optic disk margin going around the optic disk from the temporal side, to superior, nasal, inferior, and back to temporal (TSNIT). The green shaded area is the normal range, yellow is borderline, and the red zone indicates outside normal limits compared to the selected ethnic-specific normative database. 10. Inter-eye asymmetry: It evaluates the symmetry of the RNFL profile between eyes. If the correlation between eyes is good, the value will be near 0%.
Following are the most important diagnostic criteria for HRT.
Moorfields regression analysis 5 (Fig. 5):
The column height represents the ONH (or sector) area. It is divided into the percentage of rim area (green) and percentage of cup area (red). This is compared with age-matched data.
If the percentage of the rim is:
• Larger than or equal to the 95% limit, the respective sector is classified as 'within normal limits'. This would be marked as a green tick.
• Between the 95% and the 99.9% limits, the respective sector is classified as 'borderline'. This would be marked as a yellow exclamation mark.
• Lower than the 99.9% limit, the respective sector is classified as 'outside normal limits'. This would be marked as a red cross. In the HRT printout there is a classification for the whole disc (1st column) and a classification for each single sector (2nd-7th column).
FSM discriminant function 6
: It was developed by Mikelberg and coworkers. The discriminant function is a linear combination of the three parameters cup shape measure, rim volume and contour line height variation (Fig. 6 ). An eye is classified as being normal if the discriminant function value F is positive; it is classified as glaucomatous if F is negative. Mikelberg FS, et al reported sensitivity of 87% and a specificity of 84%. 6 3. RB discriminant function: This was developed by Burk R, et al. This discriminant function has high specificity with poor sensitivity for diagnosis of early glaucoma. 4. Ranked sector distribution curves: Here, the optic nerve head is divided into 36 sectors, each 10° wide, to compute the stereometric parameter values in each segment, and to sort these 36 values in descending order. The result is a graphical representation of the optic nerve head configuration similar to the Bebie curves used in perimetry.
From a normal population data, normal RSD curves; the 5th and 95th percentile curves has been calculated. To test a specific eye, its RSD curve is simply plotted together with the normal RSD curves. This is not widely used for diagnosis. 5. Glaucoma probability score 8 
(GPS):
GPS utilizes large, ethnic-selectable databases and artificial intelligence (Relevance vector machine), which derives the probability of damage consistent with glaucoma. The GPS provides immediate results without drawing contour lines or relying on reference planes. It has similar sensitivity and specificity to the Moorfields Regression Analysis. This 3D model combines the optic disk topographic information with the peripapillary RNFL information. The model uses five parameters: three characterize the shape of the optic disk (capturing information from the cup size, depth and slope of the rim); two characterize the RNFL (capturing information from the RNFL curvature both horizontally and vertically across the image). A normal result is displayed using a green tick, a borderline result using a yellow exclamation point, and an abnormal result using a red X.
Diagnostic accuracy: HRT measurements have been shown to have high diagnostic accuracy for detecting glaucoma. 5, 7, 8 The Moorfields Regression Analysis had a sensitivity and specificity of 84% and 96% respectively. 5 An analysis based on the shape of the optic disk and surrounding RNFL resulted in a sensitivity and specificity of 89% and 89%.
7 GPS analysis has a sensitivity and specificity of 91% and 90%. 8 In summary, the HRT has in-built software that allows overall diagnostic classification and provides measurement protocols for follow-up analysis. A normative database is incorporated into the software, allowing comparisons with age-matched controls to be made. With the HRT, observer's input is needed for drawing the contour line.
Scanning Laser Polarimetry (GDx VCC)
The GDx VCC is a confocal scanning laser ophthalmoscope with integrated polarimeter, which uses a near-infrared laser beam (780 nm) to scan the retina.
The principle of scanning laser polarimetry is to assess RNFL thickness according to light retardation. This involves scanning the retina with a laser beam, which passes through it and reflects from the deeper layers towards the device that releases the laser beam. The retardation of the reflected light is then measured for an estimation of RNFL thickness. 
Image quality:
The image quality is shown in the box above the fundus image (scale 1 to 10). The score of 7 or more is desirable.
Fundus image:
The fundus image is used to check image quality, focus and illumination, and centring of the 'ellipse' (black ring around ONH). The ellipse is automatically placed around the optic nerve. In case it is misplaced, its size and position can be easily modified to allow a correct placement. A correctly centered ellipse allows the 'calculation circle' (area between the gray rings) to be placed at the peripapillary area.
Thickness map:
The thickness map is a color-coded representation of RNFL thickness. Thick RNFLs are colored in yellow, orange and red (the warmer the color, the thicker the RNFL), while thin RNFL values are colored dark and light blue (the deeper the blue, the thinner the RNFL). Generalized RNFL loss results in a more uniform blue appearance, and a focal (wedge) defect appears as a dark blue band originating at the ONH, extending through the bundle.
Deviation map:
The deviation map reveals the location and severity of RNFL defects over the entire thickness map. It analyses a 20 × 20 degree region centered on the optic disk using a gray scale fundus image of the eye as a background. 
Nerve Fiber Index
The nerve fiber index (or NFI) is based on an advanced form of neural network analysis, which is trained to differentiate optimally normal from glaucomatous eyes. The entire RNFL profile is analyzed, and the diagnostic classification of the output is determined using the normative database (data from normal eyes). The 95th percentile is used as the cut-off for classifying the RNFL as 'normal' (between 0 and 30) or 'borderline' (between 31 and 50). The 99th percentile is used as the cut-off for classifying the RNFL as 'glaucomatous' (between 51 and 100).
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Diagnostic Accuracy
The reported sensitivity and specificity of GDx in the early diagnosis of glaucoma ranges from 72 to 78% and 56 to 92% respectively. [10] [11] [12] [13] [14] In literature, most of researchers have not find any single parameter with high diagnostic accuracy. We feel that the use of combination of more than one parameter can be used to improve the diagnostic accuracy of GDx VCC. For example, NFI >50 has maximum specificity, positive likelihood ratio. If positive, it can be used to virtually 'rule in' the disease. NFI < 20 has maximum sensitivity and negative likelihood ratio. If negative it can be used to 'rule out' the disease.
Future Potential
The ECC (Enhanced Corneal Compensation) is a software solution to reduce the atypical pattern that can be found in some scans. The ECC will allow the reduction of noise in scans.
In summary, the GDx VCC is a new technology, which has in-built software which allows overall diagnostic classification. A normative database is incorporated into the software, allowing comparisons with age-matched controls to be made.
OPTICAL COHERENCE TOMOGRAPHY (OCT)
OCT can be used to scan the ONH, peripapillary retina and macular region. An 820-nanometer near-infrared light beam is used, and the reported depth resolution is less than or equal to 10 microns. [16] [17] [18] [19] [20] It is a noncontact, noninvasive imaging technique that provides high-resolution cross-sectional images of the retina. The principle is similar to ultrasound but here light is used to scan the retina. The intensity of light signal reflecting from retinal structures is used to create a tomographic image. The combined use of low-coherence light and an interferometer provides high depth resolution, which yields near-histological differentiation of the structures studied. This is based on Michelson interferometer principle.
OCT has optic nerve head analysis, RNFL analysis and macular parameter analysis. 1. Printout -ONH useful parameters (Fig. 8) The useful parameters for an OCT printout of the ONH are:
• The raw and composite ONH scans. The composite scan is obtained from 6 to 24 scans.
• The individual and global stereometric parameters. 2. Printout -RNFL useful parameters (Fig. 9 ) The useful parameters for an OCT printout of the RNFL are:
• Total, quadrant and clock-hour sectors of RNFL thickness. Clock-hour sectors consist of 12 equal 30-degree sectors.
• An in-built normative database allows the comparison between acquired measurements and data and normal, age-matched data. Comparison is made if one of the sector type is selected. • The differences between the two eyes (inter-eye differences), as both eyes are measured. As RNFL analysis is widely reported and used, we will limit our discussion to RNFL analysis.
Printout -RNFL

Patient and exam data:
This includes name, date of birth, gender and ID number. It also includes scan protocol used, date of the scan and analysis protocol selected. On the X-axis, the sector of the RNFL is represented according to the temporal-superior-nasal-inferior-temporal sequence: the circular scan is linearly represented, starting from the temporal region, continuing towards the superior, nasal, inferior regions, and terminating in the temporal region. On the Y-axis, thickness is expressed in microns. (Fig. 10) . The patient's RNFL graph is compared with age matched normative database.
RNFL thickness measurements made around the ONH for each eye are presented as two circles: the top one is divided into 12 o' clock-hour sectors and the bottom one into four equal 90° sectors. Each sector is represented with a number and color code. The number represents the thickness expressed in microns, and the color code indicates the possibility of that value being found in the normal population:
• Green and white: values found in up to 95% of the normal population.
• Yellow: values found in less than 5% of the normal population.
• Red: values found in less than 1% of the normal population.
Parameters table:
The parameters table presents data from both eyes plus inter-eye differences. Color indicates the probability of finding similar values in a normal population. The color coding and its statistical significance are same as discussed above in RNFL profile.
DIAGNOSTIC ACCURACY
Several studies have evaluated the diagnostic ability of OCT parameters for glaucoma. In most of the published literature, RNFL thickness in the inferior region often had the best ability to discriminate healthy eyes from those with glaucoma, with sensitivities ranging between 67% and 84% for specificities of more than 90%. In our study, we have reported 6-clock, RNFL thickness parameter with very high positive likelihood ratio, which can virtually rule in the disease if positive.
FUTURE POTENTIALS
There are various other newer models of OCT are under research (En-Face OCT, High-speed ultra-high resolution OCT, Spectraldomain OCT, Polarization-sensitive OCT, Functional ultra-high resolution OCT). [21] [22] [23] [24] [25] [26] In summary, OCT is an evolving technology, and more powerful tools based on this technology are being developed. A normative database is incorporated into the software, allowing comparisons with age-matched controls to be made.
